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4 Summary 
This project aimed to assess the associations between various hearing disorders in 
childhood and hearing loss, tinnitus and dizziness in adulthood. Especially, we examined 
childhood otitis media and childhood sensorineural hearing loss (SNHL). Knowledge 
about these long-term outcomes is scarce, and important when considering level of 
intervention and for patient information.  
The data were obtained from a population-based cohort study of 32,786 adults (aged 
20-59 years, mean 40 years) who underwent puretone audiometry and completed a 
health questionnaire in the Nord-Trøndelag Hearing loss study (1996-1998). As children, 
the same persons underwent audiometry in a longitudinal school hearing investigation 
(at 7, 10 and 13 years of age). Children found with hearing loss underwent an ear, nose 
and throat specialist examination (3066 children), in which they were diagnosed with 
various hearing disorders.  
In conclusion, our study indicates that childhood chronic suppurative otitis media 
(CSOM) and childhood hearing loss after recurrent acute otitis media (rAOM) are 
associated with significant hearing loss, tinnitus and dizziness in adulthood. This stresses 
the importance of appropriate prevention, treatment and follow-up of these otitis 
media conditions.  
The common condition childhood otitis media with effusion, both with and without 
eardrum pathology, is associated with marginally increased adult hearing thresholds. 
This can safely be communicated to worried patients. 
The childhood hearing disorders SNHL, CSOM and hearing loss after rAOM are 
associated with a faster deterioration of hearing throughout adulthood. This “faster 
aging” may reflect that an already impaired cochlea is more susceptible to age-related 
degeneration. The faster aging effect is moderate and hardly necessitates more frequent 
follow-up. The finding should be confirmed by a study with repeated audiometries in 
adulthood.  
Finally, our large study could not reveal significantly altered susceptibility to noise 
induced hearing loss associated with childhood SNHL or childhood otitis media. Although 
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it still is important with protection against harmful noise, this is valuable information for 
people with a childhood-onset hearing loss.  
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5 Background 
5.1 Basic knowledge 
5.1.1 Hearing loss 
Definition. Sound is mechanical airborn waves. The term sound frequency (measured in 
hertz) refers to the frequency of the wave vibration and is perceived as the pitch of the 
sound. Sound intensity (measured in decibel) refers to the power transferred by the 
wave (energy per second) and is perceived as the loudness of the sound. Clinicians 
measure sound intensity in decibel hearing level (dB HL). The lowest sound intensity of a 
puretone stimulus a person detect 50% of the time, is defined as the hearing threshold. 
For young, healthy persons, this is at 0 dB HL. The puretone stimulus is produced by an 
audiometer and the results are printed in an audiogram (Figure 1). Hearing loss can be 
classified as mild, moderate, severe or profound. The World Health Organisation (WHO) 
defines the hearing loss categories by the puretone average (PTA) of 0.5-1-2-4 kHz in the 
better hearing ear as follows: mild 26-40 dB HL, moderate 41-60 dB HL, severe 61-80 dB 
HL and profound t81 dB HL. Disabling hearing loss is defined as >40 dB HL in adults and 
>30 dB HL in children (WHO, 2015).  
 
 
Figure 1. Audiogram showing puretone thresholds as a function of frequency. Classic 
age-related hearing loss with bilateral, high frequency hearing loss. 
 11 
 
Prevalence. Hearing loss prevalence is a measure of how many people in a defined 
population that have hearing loss at any given time or over a time interval. According to 
WHO, more than 5% of the world’s population has disabling hearing loss: 328 million 
adults and 32 million children (WHO, 2015). A detailed description of hearing loss 
prevalences is found later (“hearing across the lifespan”). 
Etiology. Hearing loss can be divided into conductive or sensorineural, a combination is 
called a mixed hearing loss. Conductive hearing loss is due to pathology of the outer ear 
(the auricle and the external auditory canal) or the middle ear (the eardrum and the 
cavity behind it), so that sound does not pass freely to the inner ear. Generally, the 
overall sound volume is reduced. SNHL is due to pathology of the inner ear (the cochlea), 
the auditory nerve or the central nervous system. The hearing loss is permanent because 
the hair cells and the nerve cannot regenerate or be repaired.  SNHL is congenital or 
acquired, and the causes can broadly be divided into genetic and environmental (like 
noise exposure, infections, trauma, birth asphyxia, ototoxic drugs and others). The most 
common cause of SNHL is age-related hearing loss (ARHL). SNHL often results in a 
reduced dynamic range and loudness recruitment. 
Impact: The impact of hearing loss is described later (“hearing across the lifespan”). 
Management. Early identification of the hearing loss and appropriate management help 
many persons. Conductive hearing loss is often temporary or corrected with surgical or 
medical treatments. Treatments of SNHL and long-term conductive hearing loss include 
use of various types of hearing aids, assistive devices, adjustment to hearing loss and 
managing communication. The functional benefits of hearing aid are well described 
(Mulrow et al., 1990). Cochlear implants, a surgically implanted electronic device that 
convert sound waves to electrical impulses, can be used for severe or profound hearing 
loss.   
Hearing across the lifespan. At least one child in 1000 is born with bilateral SNHL of at 
least 40 dB HL. While about 50% of congenital SNHL is due to genetic disorders (about 
1/3 syndromic), about 50% has environmental causes, such as intrauterine infections 
(Smith et al., 2005) (review). In genetic SNHL, the hearing loss (phenotype) may develop 
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later in life (“late-onset hearing loss”). The developing auditory cortex is highly plastic. 
Studies of cochlear implanted children show that early intervention with adequate 
stimulation of the cortex increases the likelihood of normal auditory cortical 
development in children with congenital deafness (Cardon et al., 2012) (review). 
Accordingly, cochlear implants are used increasingly within the first year of life.  
The majority of hearing loss in preschool and school-aged children is surely minimal or 
mild, temporary, conductive hearing loss due to otitis media, especially otitis media with 
effusion (OME, defined later). 
 A study of 1281 children in 3rd, 6th, and 9th grades showed a prevalence of 11% of all 
types of hearing loss (temporary or permanent), including minimal hearing loss (>15 dB 
HL) (Bess et al., 1998). Another study, of 6166 school children aged 6-19 years, showed a 
prevalence of 15% (PTA of 0.5-2 kHz or PTA of 3-6 kHz >15 dB HL in the worse hearing 
ear) (Niskar et al., 1998). A review based on the average of comparable audiometric 
screening studies in the United States reported a prevalence of 3.1 % (PTA of 0.5-2 kHz 
>20 dB HL in the worse hearing ear) (Mehra et al., 2009).  
Childhood hearing loss presents a substantial disability worldwide. Even minimal hearing 
loss has been shown to affect speech, academic and psychosocial development (Bess et 
al., 1998) (Davis et al., 1986). 
The great majority of hearing loss in adults is SNHL due to age-related degeneration of 
the cochlear hair cells. ARHL often starts in the high frequency (HF) range in the 30-
40thies, and is more pronounced in males. Although hearing normally declines with age, 
there is great individual variation in the age of onset and severity. While only a small 
part of this variation seems to be explained by noise exposure, ear diseases or other 
exposure, ARHL is to a large extent heritable (Kvestad et al., 2012).  
The Nord-Trøndelag Hearing Loss Study (NTHLS) showed a weighted hearing loss 
prevalence of 19% (PTA of 0.5-4 kHz ≥25 dB HL in the better hearing ear) for the total 
sample (n=50,723, age 20-101, mean age=50 years). The prevalence was 0.8% in 20-24 
year old females and 51% in 65-69 year old males (Borchgrevink et al., 2005). 
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Hearing loss affects communication. About 10% of the adult population report bilateral 
hearing difficulty in hearing speech in a quiet environment (Davis, 1989). Also, hearing 
loss has been associated with poorer health-related quality of life (Chia et al., 2007), 
reduced mental health (Tambs, 2004), low educational attainment, underemployment 
and economic impairments (Emmett and Francis, 2014). 
5.1.2 Tinnitus 
Definition. Tinnitus can be defined as the perception of sound in the absence of a 
corresponding external acoustic stimulus (Langguth et al., 2013) (review). 
Prevalence. Most studies show tinnitus prevalences between 10% and15% in the adult 
population (Baguely et al., 2013) (review). The NTHLS study showed tinnitus prevalences 
(“bothered by ringing in the ears”) from 9.6% (30-39 years) to 24% (70-79 years), with an 
overall prevalence of 15% (n=47,410) (Hoffman, 2004).  
Etiology. The most important risk factor of tinnitus is hearing loss. This association is well 
described in both children (Nodar, 1972, Coelho et al., 2007,) and adults (Sindhusake et 
al., 2003, Hoffman, 2004, Nondahl et al., 2011), but the etiology is complex. Tinnitus is 
reported in apparently normal hearing persons, and far from all persons with hearing 
loss report tinnitus. A prominent theory of tinnitus generation states that hearing loss 
(temporary or permanent) is the initial source of tinnitus, but that subsequent neural 
changes in the central auditory system maintain the condition (Langguth et al., 2013) 
(review). In addition to hearing loss, other risk factors (like male sex, increasing age, low 
income, ear infections and occupational noise exposure) have been associated with 
tinnitus (Hoffman, 2004). The heritability of tinnitus has been estimated to be low 
(Kvestad et al., 2010). 
Impact. An English study reported that tinnitus was described as moderately annoying 
by 2.8%, severely annoying by 1.6%, and at a level that severely affected ability to lead a 
normal life by 0.5% (n= 48,313) (Davis A, 2000). In the HUNT study, participants with 
tinnitus scored moderately higher on anxiety and depression and lower on self-esteem 
and well-being than those without tinnitus (Krog et al., 2010). 
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Management. In addition to eventual treatment of underlying or co-occurring 
pathology, treatment often includes counselling, cognitive behavioural therapy and 
sound therapy. 
5.1.3 Dizziness 
Definition. Dizziness can be defined as the sum of vertigo (illusion of movement of 
oneself or the environment), disequilibrium (a sensation of imbalance and/or postural 
instability), presyncope (feeling faint or light-headed) and “other” types of dizziness 
(Sloane et al., 2001).  
Prevalence. A study of 1287 persons aged 14-90 years which used the “Vertigo Symptom 
Scale” reported a dizziness prevalence of 15% (Wiltink et al., 2009). In another study, 
also using the Vertigo Symptom Scale (n=2064, age 18-64 years), 10% reported some 
degree of dizziness-related handicap (Yardley et al., 1998). Neuhauser et al. found a 
prevalence of vestibular vertigo of 4.9% in the last 12 months (n=4869, age >18 years). 
Their definition of vestibular vertigo included at least one of the following 1) rotational 
vertigo; 2) positional vertigo; 3) dizziness with nausea and either oscillopsia or imbalance 
(Neuhauser et al., 2008).  
Etiology. The causes of dizziness can broadly be divided into vestibular (mostly 
associated with vertigo) and non-vestibular (mostly associated with disequilibrium, 
presyncope or “other” types of dizziness). The vestibular system is divided into the 
peripheral system (the vestibular labyrinth/the “balance organ” in the inner ear) and the 
central system (the parts of the central nervous system that process the information, 
along with proprioceptive and ocular input). Peripheral vestibular disorders, like benign 
paroxysmal position vertigo (BPPV), vestibularis neuritis and Meniere disease, are by far 
most common. Non-vestibular risk factors include medical, psychiatric and neurological 
dizziness (Timothy, 2014) (review). 
Impact. Dizziness is associated with extensive handicap and psychological morbidity 
(Yardley et al., 1998). Vestibular dysfunction significantly increases the likelihood of falls, 
which are among the most morbid and costly health conditions affecting older 
individuals (Agrawal et al., 2009). 
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Management. In addition to eventual treatment of underlying or co-occurring 
pathology, treatment often includes various vertigo-habituation exercises (Cohen, 2006) 
(review). 
5.1.4 Otitis media 
Otitis media is an inflammation of the middle ear (the eardrum or the cavity behind it) 
without reference to etiology or pathogenesis (Gates et al., 2002). This complex disease 
occurs as related clinical subtypes. 
Otitis media with effusion (OME) is a chronic inflammation of the middle ear, often due 
to eustachian tube dysfunction. A non-purulent middle ear effusion is present (a 
collection of sterile liquid in the cavity behind the eardrum). There are no signs and 
symptoms of acute infection (Gates et al., 2002). Generally OME is found in small 
children (small eustachian tubes), with a prevalence of about 20% at 2 years of age and a 
prevalence of about 6% at 10 years of age (Zielhuis et al., 1990) (review). The rates of 
spontaneous resolution are high. Longstanding disease with documented hearing loss 
(such as >6-9 months) is mostly treated with ear tubes.   
Acute otitis media (AOM) is an acute inflammation of the middle ear caused by a viral or 
bacterial infection, often in connection with upper airway infections. A purulent middle 
ear effusion is present, and there are symptoms and signs of acute infection such as 
otalgia, otorrhoea, fever or irritability (Gates et al., 2002). AOM is the most common 
cause of pediatrician visits, and by age 3 years, 50-85% of children have had AOM 
(Cassselbrant ML, 1999). The rate of spontaneous resolution is high and the treatment is 
mostly symptomatic, such as analgesic or antipyretics.  
Recurrent (r) acute otitis media can be defined as ≥3 episodes of AOM in a 6 month 
period or ≥4 episodes the prior year. It is also referred to as complicated otitis media, 
and affects 10-20% of children by age 1 year (Cassselbrant ML, 1999). RAOM is often 
referred to an ear, nose and throat (ENT) department to assure correct treatment, like 
antibiotics and hearing controls. Late attendance to day-care as well as a day-care with 
few children (less infections) (Rovers et al., 1999) (review), and breastfeeding (Duffy et 
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al., 1997) have been associated with reduced risk of acute otitis media. There is ongoing 
research on otitis media preventing vaccines (Pelton et al., 2013).  
Chronic suppurative otitis media (CSOM) is a chronic infection of the middle ear and the 
mastoid cells, including a chronic perforation of the eardrum and intermittent otorrhoea 
(Gates et al. 2002). Global estimated CSOM incidence rate is 4.8 per thousand people, 
with a higher prevalence in developing countries (Monasta et al., 2012) (review). CSOM 
can present with a cholesteatoma: A destructive and expanding growth consisting of 
keratinizing squamous epithelium in the middle ear and/or mastoid process. 
Cholesteatoma can destruct the ossicles and spread through the base of the skull into 
the brain. Treatments of CSOM include prevention of infections, antibiotics and various 
types of middle ear surgery, like tympanoplastics, ossicular plastics and cholesteatoma 
removal.  
5.2 Childhood hearing disorders: hearing loss, tinnitus and dizziness 
later in life  
This project aimed to assess the associations between various hearing disorders in 
childhood and hearing loss, tinnitus and dizziness in adulthood. Especially, we examined 
childhood otitis media and childhood SNHL. Informative data on these long-term 
outcomes are scarce, and the knowledge about them is important when planning level 
of intervention and for patient information. Also, such epidemiologic data can help 
generate new pathophysiologic hypotheses and may ultimately help improve therapy.   
5.2.1 Childhood otitis media  
Knowledge about possible long-term outcomes after childhood otitis media is important 
in considerations of interventions, such as prevention (like attendance to daycare, 
hygiene management and vaccine research), treatment (like antibiotics and surgery) and 
follow-up (like ENT- and hearing controls). Knowledge about altered susceptibility to 
noise induced hearing loss (NIHL) is important to clear out for possible increased 
protection against harmful noise.  The next section describes the literature that is 
relevant regarding otitis media and subsequent hearing loss, tinnitus and dizziness. 
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In ongoing otitis media, the middle ear fluid (or the eardrum perforation in CSOM) 
causes a conductive hearing loss, sometimes accompanied by tinnitus. Overwhelming 
evidence from human temporal bone studies and experimental studies in animals (basic 
research) suggests that toxins or inflammatory mediators from otitis media enter and 
affect the labyrinth (the cochlea and the vestibular apparatus) by crossing the round 
window membrane (Cureoglu et al., 2005) (review). In acute serous labyrinthitis, one of 
the most common complications occurring during otitis media, invasion by bacterial or 
viral toxins inflames the labyrinth. This acute inflammation is usually associated with 
temporary vertigo (vestibular affection) and sometimes mild SNHL (cochlear affection), 
implying preservation of viable hair cells. Treatment mostly includes antibiotics and 
sometimes middle ear surgery. However, once toxic substances enter the inner ear, 
various long-term impairments can occur: 
Hearing loss. A large number of studies have shown impaired bone-conduction 
thresholds (implying SNHL) in adults with otitis media, mostly CSOM (Hulka, 1941, 
English et al., 1973,  Paparella et al., 1984, Cusimano et al., 1989, El-Sayed, 1998, 
Redaelli de Zinis et al., 2005, Yoshida et al., 2013, Luntz et al., 2013). Recently, a study 
showed SNHL in children with CSOM (Yehudai et al., 2015). Risk factors for SNHL include 
duration of CSOM (Cusimano et al., 1989, Redaelli de Zinis et al., 2005, Luntz et al., 
2013), a smaller mastoid area (Yoshida et al., 2013) and of course the presence of 
cholesteatome (Luntz et al., 2013), which may expand and destruct the labyrinth.  
Also, many studies have shown hearing loss in children with a history of various types of 
otitis media. Repeated findings of high or extended high frequency hearing loss in 
children with a history of otitis media (Ahonen and McDermott, 1984, McDermott et al., 
1986, Margolis et al., 1993, Sorri et al., 1995, Hunter et al., 1996, Laitila et al., 1997, 
Margolis et al., 2000), strongly indicates structural damage of the basal turn of the 
cochlea. A few studies have shown an association between otitis media in childhood and 
hearing loss in adulthood (De Beer et al., 2003, Tambs et al., 2004, Jensen et al., 2013,). 
In the study of Yilmaz et al., young adults with a history of childhood otitis media had 
fewer otoacoustic emissions detected (Yilmaz et al., 2006). 
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Longstanding hearing loss after otitis media can also be due to middle ear impairments, 
such as pathology of the eardrum (tympanosclerosis, atrophy, retraction, adhesion, 
perforation), of the ossicular chain (fixation, discontinuity or resorption) or of the middle 
ear mucosa (hyperplasia, hypertrophia) (Jung et al., 2013) (review). Middle ear 
impairments needing treatments are often associated with CSOM, in which various 
types of middle ear surgery (tympanoplastics, ossicular chain plastics, cholesteatoma 
removal) has been done for decades.  
Tinnitus. As described, hearing loss is the most important risk factor for tinnitus. As such, 
it is reasonable to expect an association between a history of otitis media and tinnitus, in 
that otitis media influences later hearing threshold, which in turn influences the 
occurrence of tinnitus. Another reason to expect such an association is because animal 
studies have suggested that temporary conductive hearing loss in early life may alter the 
functional properties of the auditory cortex on a permanent basis, which could increase 
the risk of later tinnitus (Sun et al., 2014). A few cross-sectional studies (Sindhusake et 
al., 2003, Hoffman, 2004, Nondahl et al., 2011) and a cohort study (Dawes and Welch, 
2010) have shown an association between otitis media in childhood and tinnitus in 
adulthood. 
Dizziness. Although the vestibule is relatively far from the round window, it has been 
shown that endotoxin can penetrate the inner ear via various routes, such as the round 
window, blood vessels or lymphatics, and/or interscala exchange, resulting in a 
disturbance not only of the cochlea but also of the vestibular end organs (Takumida and 
Anniko, 2004). A few cohort studies have shown an association between a history of 
recurrent childhood otitis media and vestibular dysfunction (Schaaf, 1985, Denning and 
Mayberry, 1987, Casselbrant et al., 2000), but only in preschool children. 
Interactions: aging and noise exposure. Possibly, a pre-existing cochlear impairment 
caused by childhood otitis media could increase the susceptibility to cochlear affection 
caused by aging or noise exposure. Increased susceptibility to NIHL has been found 
among young adults with self-reported, recurrent childhood ear infections (Job et al., 
1999) and the effect of childhood ear infections on adult hearing seems to increase with 
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age (Tambs et al., 2004). Yet, these effects are reported from cross-sectional studies 
only.   
The rationale of this study. Evidence about the extent to which various types of 
childhood otitis media are associated with permanent hearing loss, tinnitus or dizziness 
is scarce. Also, the association between otitis media and susceptibility to NIHL or ARHL is 
unclear. Thus, we aimed to assess the association between various types of otitis media 
in childhood and hearing loss, tinnitus and dizziness in adulthood, and whether these 
associations were influenced by aging or noise exposure.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 20 
 
Table 1. Cohort studies examining hearing thresholds, tinnitus or dizziness after 
childhood otitis media. 
                                                 
1 Otitis media with effusion 
2 Recurrent acute otitis media 
3 Chronic suppurative otitis media 
4 Middle ear effusion (a collection of purulent or non-purulent liquid in the space behind the eardrum) 
Study, year 
 
Exposure                 
(childhood otitis media) 
 
Outcome measure        
(time at measure) 
 
Result 
 
 
Ahonen and 
McDermott, 1984  
 
 
Cleft palate and rOM1 
 
Puretone audiometry 
(childhood) 
 
Extended high frequency 
hearing loss 
McDermott et al., 
1986 
 
Margolis et al., 
1993                       
rOM 
 
 
rAOM2 
Puretone audiometry 
(childhood) 
 
Puretone audiometry 
(childhood) 
Extended high frequency 
hearing loss 
 
Extended high frequency 
hearing loss 
 
Sorri et al., 1995 
 
 
Hunter et al., 1996 
 
 
Laitila et al., 1997  
 
 
Margolis et al., 
2000 
 
 
de Beer et al., 2003 
 
 
Augustsson et al., 
2006 
 
Jensen et al., 2013 
 
rAOM 
 
 
rOM 
 
 
rAOM 
 
 
rOM 
 
 
rAOM or rOME  
 
 
“Mostly rOME”  
 
 
CSOM3  
 
Puretone audiometry 
(childhood) 
 
Puretone audiometry 
(childhood) 
 
Puretone audiometry 
(childhood) 
 
Puretone audiometry 
(childhood) 
 
Puretone audiometry      
(18 years) 
 
Puretone audiometry      
(18 years) 
 
Puretone audiometry     
(18-24 years) 
 
High frequency hearing 
loss 
 
 
High frequency hearing 
loss 
 
 
Extended high frequency 
hearing loss 
 
Extended high frequency 
hearing loss 
 
4dB increased hearing 
thresholds, PTA 0.5-4 kHz 
 
Normal hearing 
thresholds 
 
 
PTA >15 dB HL at low or 
high frequency area 
 
 
Dawes et al., 2010 
 
 
OME before 11 years + 
hearing loss at 11 years 
 
Tinnitus questionnaire 
(mean age 32 years) 
 
 
Increased risk of tinnitus 
Casselbrant et al., 
2000 
 
Recurrent or persistent 
MEE4 (preschool) 
Vestibular tests 
(preschool) 
Poorer performance on 
rotational test 
Schaaf et al., 1985 
 
>6 episodes of AOM 
(preschool) 
Vestibular tests 
(preschool) 
Poorer performance on 
vestibulospinal tests 
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5.2.2 Childhood sensorineural hearing loss  
Since childhood SNHL is permanent, it is of course associated with both hearing loss and 
tinnitus in adulthood. The exact nature of these associations and how SNHL develops 
through life is however uncertain. Regarding childhood SNHL, this project examined 1) 
the effects of childhood SNHL combined with aging or noise exposure later in life (paper 
2); 2) whether adults with childhood-onset SNHL experience a higher degree of tinnitus 
than adults with a correspondingly strong, but adult-onset hearing loss (paper 3). The 
association between childhood SNHL and dizziness in adulthood was not examined. 
The effects of childhood SNHL combined with aging or noise exposure later in life. 
Knowledge about altered susceptibility to NIHL is important to determine for possible 
increased protection against harmful noise. The expected change of hearing through 
adulthood is important to clear out to develop an appropriate follow-up plan (hearing 
aid adjustments, counselling, information).  
A priori, many possible underlying mechanisms make it reasonable to expect interaction 
effects when SNHL of different etiologies, such as childhood SNHL (due to genetic 
disorders, infections, other), ARHL and NIHL coexist in the same ear and at the same 
frequency area. A possible super-additive interaction follows the idea that an already 
impaired cochlea is more susceptible to further damage by other factors. Another 
explanation could be a common genetic susceptibility to childhood SNHL, NIHL and 
ARHL. In contrast, a less than additive effect follows from the idea that when a number 
of hair cells are previously damaged by one factor, there is less chance for the other 
factor to cause further damage. In other words, hair cells lost from one cause cannot be 
«re-lost» from another cause.  
Another possible explanation of “faster aging” trough adulthood could be late 
progression of childhood SNHL itself (“progressive childhood SNHL”). Longitudinal 
studies of children with SNHL have shown that between 4% and 30% of these children 
have a progressive hearing loss during childhood, depending on age, observation time 
and definition of progression (Parving, 1988, Brookhouser et al., 1994, Berrettini et al., 
1999, Pittman and Stelmachowicz, 2003, Johansen et al., 2004,). The underlying 
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mechanism behind this hearing loss progression is unknown, but genetic factors are 
probably important (Johansen et al., 2004). 
The effects associated with combinations of different SNHL etiologies (like aging or noise 
exposure) have been difficult to determine, often because the time and magnitude of 
each exposure has been unclear. For example, numerous studies have investigated 
possible interaction effects between NIHL and ARHL (Rosenhall, 2003) (review), but they 
have been difficult to assess. In our study, the participants were tested for childhood 
SNHL, before the potential onset of ARHL and NIHL. This provided a unique opportunity 
to study possible interactions effects when SNHL of different etiologies coexist in the 
same ear and at the same frequency area. 
Tinnitus in adulthood: Does time of hearing loss onset matter? There are large 
differences in susceptibility to tinnitus among adults with correspondingly strong 
hearing loss. Knowledge about which factors that influence the risk of having tinnitus is 
important to identify high-risk groups needing a more structured follow-up.  
Many possible explanations make it reasonable to believe that adults with childhood-
onset hearing loss experience less tinnitus than adult with correspondingly strong, but 
adult-onset hearing loss. The auditory cortex is plastic in early life (Cardon et al., 2012) 
(review). Small children could be more adapted to cope with their hearing loss-related 
tinnitus, and maintain this trait throughout life. Alternatively, one could imagine an 
increasing ability to successfully cope with tinnitus with duration of time living with this 
condition. Furthermore, adult-onset hearing loss (often noise- or age-related) could be 
associated with certain types of cochlear damage, with a larger effect on tinnitus than 
the etiologies of childhood-onset hearing loss (such as genetic or infectious).   
On the other hand, adults with childhood-onset SNHL could experience more tinnitus 
than those with adult-onset hearing loss, in that long-term exposure to tinnitus result in 
a vicious circle and accumulated problems. 
To our knowledge, no study has investigated whether adults with childhood-onset SNHL 
experience an altered degree of tinnitus than do adults with a correspondingly strong, 
but adult-onset hearing loss. Hence, this was one of the aims in the present project.  
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6 Aims 
The overall aims of this thesis were to assess: 
1. To what extent various types of otitis media in childhood are associated with hearing 
loss, tinnitus and dizziness in adulthood, and whether these associations depend on age 
or noise exposure;   
2. The effects of childhood SNHL combined with aging or noise exposure later in life. 
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7 Materials and methods 
7.1 Participants  
This project linked two large, prior hearing investigations: The school hearing 
investigation in Nord-Trøndelag (SHINT) and the Nord-Trøndelag Hearing Loss Study 
(NTHLS). 
The baseline childhood study. SHINT (1954-1986) was an audiometric screening of nearly 
all 7, 10 and 13 year old school children in the entire Nord-Trøndelag County, conducted 
by the late Norwegian ENT – specialist, H. F. Fabritius, and his colleagues (Fabritius, 
1968). The study did not record information confirming the participation of children with 
normal hearing, so the exact number of participants is unknown. The number of children 
born between 1941 and 1977 in Nord-Trøndelag, about 78,000, may serve as a crude 
approximation (vital statistics and migration statistics published yearly for 1941-1977 by 
Statistics Norway). Children found with hearing loss at screening were invited to a later 
ENT specialist examination. From 1954 to 1962, average attendance at the ENT 
examinations for children with positive screening was 97% (Fabritius, 1968), and we 
have no reason to believe that this high level of attendance changed later. Altogether, 
10,269 children took part in the ENT specialist examination.   
The follow-up adult study. NTHLS (1996-1998) was a part of The Nord-Trøndelag Health 
Study (HUNT 2, 1995-97). HUNT 2 was a general, population-based study where all 
residents in the county of Nord-Trøndelag, Norway, aged ≥20 years were invited. Out of 
93,898 invited persons, 65,237 participated (69%). HUNT 2 included several types of 
examinations and health questionnaires. Detailed information about HUNT 2 is found 
elsewhere (Holmen et al., 2003). NTHLS included a puretone audiometry and hearing 
questionnaires. The total adult population (≥ 20 years) from 17 of the 23 municipalities 
in Nord-Trøndelag was invited. Valid audiometric data were collected from 50,723 
participants. Among persons born between 1941 and 1977 (the population of this 
study), 87% of the county population was invited with an overall participation rate of 
59%. 
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After linkage. This project included participants of the follow-up adult study who were 
born between 1941 and 1977 (primary school age during the baseline childhood study), 
n=32,786: 
Childhood hearing loss cases: Among the 10,269 children diagnosed with various types 
of hearing disorders in the childhood study, 3066 attended the adult study.  
Non-cases (reference group): As previously described, the childhood study did not 
register the children with normal hearing. Thus, as a reference group, we included all 
participants of the adult study who were in primary school age during the childhood 
study (born between 1941 and 1977) and who where not registered with hearing loss in 
the childhood study, n=29,720. (This weakness is discussed later: “information bias”). 
Out of this “basis” cohort (n=32,786), the papers included various groups of participants. 
The exact inclusion/exclusion criteria of each paper will not be repeated. A flow chart, 
showing the general “loss to follow-up” from the childhood study to the adult study, is 
presented in Figure 1. (The “loss to follow-up” is discussed later: “selection bias”).  
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7.2 Measurement of the variables 
The childhood study included an audiometric screening at school, and for the children 
with hearing loss at the screening, a later ENT specialist examination with a new 
audiometry. The following variables were measured: childhood hearing threshold and 
childhood hearing disorder (diagnosis). 
Childhood hearing threshold. The audiometric screening was performed by a trained 
hearing assistant or a district health nurse in a quiet location within the school, obtaining 
air-conduction thresholds by puretone audiometry at 0.25, 0.5, 1, 2, 4 and 8 kHz. 
Hearing loss for the screening was defined by thresholds 20 dB HL or greater at 3 or 
more frequencies (in the same ear) or a 30 dB HL or greater threshold at one or more 
frequencies. The audiometers were Amplivox audiometers type 70, later Model 51 and 
model 81 calibrated according to the Norwegian standard at the time (BS 2497, 1954;  
ISO R389, 1964; ISO 389, 1975)  
 All children with hearing loss at the screening were invited to a later ENT specialist 
examination at one of 14 different out-patient clinics in Nord-Trøndelag. Also, their 
parents completed a questionnaire about their child’s ear problems. The medical 
examination included a new puretone audiometry with both air- and bone-conduction 
thresholds. Unfortunately, Dr. Fabritius did not describe the audiometric conditions or 
the equipment that were used at the outpatient clinics. Depending on the diagnosis, the 
children had one or more examinations. We used the audiograms from the last ENT 
examination (not the audiograms from the screening) to represent the childhood 
hearing threshold. Missing values: Mostly, hearing thresholds <20 dB HL were not 
registered in the childhood audiograms, so values for many single frequencies were 
“missing”. These missing values were replaced by the mean value of those values <20 dB 
HL registered in the total case group (n=10,269). For instance for 1000 Hz, right ear, 
there were 2855 cases with values ≥20 dB HL, 1535 cases with registered values <20 dB 
HL, and  5879 cases with missing values (hearing thresholds <20 dB HL).  Mean values for 
the cases with registered values <20 dB HL was 12 dB (95% confidence interval [CI]: 11-
13), and missing values in the case group were replaced by this mean value. In paper 4 
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(childhood SNHL), the missing values were replaced by the mean value of those values 
<20 dB HL registered in the total SNHL group (n=1489).  
Childhood hearing disorder (main predictor variable). In addition to the audiometric 
measurements, the ENT examination included family and medical history and a 
complete ENT examination. The doctor recorded the history, findings, diagnoses (the 
presumed etiology of the hearing loss) and the treatments. Some children had more 
than one diagnosis (e.g., SNHL and excessive cerumen). In this study, only the diagnosis 
considered most severe was registered according to the following hierarchy, (definitions 
by dr. Fabritius): (1) SNHL: air-conduction thresholds in agreement with the bone-
conduction thresholds. Unfortunately, Dr. Fabritius did not define the maximum 
accepted air-bone gap; (2) anomalies of the outer or middle ear; (3) otosclerosis; (4) 
CSOM: chronic infection of the middle ear including eardrum perforation (duration 
unfortunately not specified) and intermittent secretion, conductive or mixed hearing 
loss; (5) hearing loss after rAOM: no middle ear effusion at the examination but a history 
of preschool rAOM, sometimes also occurring during school years. Mostly including 
eardrum pathology, conductive or mixed hearing loss; (6) OME: chronic middle ear 
effusion, reduced mobility of the eardrum tested by Brüning`s magnifying glass, no signs 
or symptoms of acute infection; (7) AOM: middle ear effusion with signs and symptoms 
of acute infection; (8) otitis externa; (9) foreign body; (10) excessive cerumen; (11) other 
diagnoses: intellectual disability, unknown etiology or no registered etiology.  
The adult study, NTHLS, included an audiometry and two questionnaires. This project 
used questionnaire 1 (Q1), which was completed by all participants while staying in the 
waiting room. To the extent permitted by a strict schedule, the team checked that the 
questionnaire was fully answered and helped explain when necessary. The following 
variables were measured in the NTHLS: adult hearing threshold (audiometry), tinnitus, 
dizziness and noise exposure (all by Q1). 
Adult hearing threshold (outcome variable) was assessed by puretone audiometry. Two 
teams travelled around Nord-Trøndelag county as part of the HUNT, administering the 
hearing examination. Each team consisted of one trained audiologist and one or, on 
busy days, two trained assistants. Hearing thresholds were obtained with five 
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Interacoustics AD25 automatic audiometers with TDH-39P earphones and MX 41/AR 
cushions linked to a personal computer. These inter-linked instruments were self-
administered, permitting five subjects to be examined simultaneously. The thresholds 
were determined in accordance with ISO 8253-1 (International Organization for 
Standardization, 2010) with fixed frequencies, using an automatic procedure. A 
maximum threshold shift of 120 dB was recorded, and threshold shifts exceeding this 
value (no response to the maximum sound signal) were treated as a 120 dB loss. 
Masking was not used. Bone conduction thresholds were not measured. The audiometry 
included the standard frequencies .25, .5, 1, 2, 3, 4, 6, and 8 kHz. Semi-portable, 
dismountable sound attenuation booths were used in rooms specially selected to avoid 
background noise. The audiometers were re-calibrated (ISO 389-1) (International 
Organization for Standardization, 1994) every six months.  
This project treated hearing thresholds >100 dB HL as a 100 dB hearing loss. The PTA of 
various frequency areas was used, such as the PTA at 0.5-4 kHz in the tinnitus paper 
(paper 3), or the PTA at 3-8 kHz in the SNHL paper (paper 2). Missing values:  Only 
participants with valid audiometric data were included in the project. 
Noise exposure (covariate). Occupational noise exposure was measured by items on Q1 
about loud noise at work in general (scored 0–3) and specific sources of noise from: 
staple gun/hammering, metal hammering/riveting, circular saw/machine planing, 
chainsaw operation, tractor/construction machines, sledge hammer operation, blasting, 
and machine-room and other factory noise. These items were individually answered and 
scored as “yes” or “no”. Non-occupational noise exposure was assessed by items about 
impulse noise (i.e., explosions, shootings) and playing in a band or going to 
discotheques, rock concerts, or similar loud events. These items were scored “no” = 0, 
“Don’t know, may be”= 1, and “yes” = 2. A general index based on all the noise scores 
was computed to estimate the overall impact of noise, similar to the one described by 
Tambs et al. (Tambs et al., 2006). The scores for each separate item were weighted by 
the respective regression coefficients in an initial regression analysis predicting the 
defined adult hearing threshold outcome variable and summed. Missing values were 
treated as no noise exposure. 
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Tinnitus (outcome variable). Participants answered “yes/no/don’t know,may be”, to the 
question (Q1), “Are you bothered by ringing in the ears?”. The variable was 
dichotomized using “don’t know” and “no” as the reference category.  Missing values: 
Participants with non-valid Q1 (no completed items) were excluded from the tinnitus 
study. Valid Q1 but missing on the tinnitus item were treated as no tinnitus (numbers 
are presented in paper 3).  
Dizziness (outcome variable): Participants answered “yes/maybe/no” to the question 
(Q1) “Are you bothered by dizziness”. The variable was dichotomized using “no” as the 
reference category. Missing values: The relatively few participants with missing values 
were excluded from the dizziness study (numbers are presented in paper 4).  
Socio-economic status (covariate): We obtained information on these covariates from 
national registries and from questionnaires in HUNT 2 (not the NTHLS). From national 
registries we used information on highest level of completed education (primary and 
secondary school, vocational school, high school, undergraduate and graduate school) 
and income in 1998. There were no missing values for income. The few missing values 
for education were imputed as graduate school.  
7.3 Statistical analyses 
The principal predictor variable was diagnosis, measured in the childhood study 
(categorical, with normal hearing at the childhood study as the reference category). The 
covariates were: noise exposure (continuous or binary), sex, age (in years) and socio-
economic status (continuous). The outcome variables were: hearing threshold 
(continuous), tinnitus (binary) and dizziness (binary). All covariates and outcomes were 
measured in the adult study. 
We used multiple linear or logistic regression analyses, specifying the significance level 
to 0.05, to estimate the associations between the various diagnoses and the outcome 
variables (SPSS version 20), with and without adjustments. Interaction effects were 
tested to examine whether some of the associations were moderated by age, sex or 
noise exposure. 
 31 
 
In the multiple regression analyses with adult hearing threshold as the outcome variable 
(paper 1 and paper 2), the residual plot revealed clear signs of heteroscedastisity: the 
residual variance increased with increasing values for predicted adult hearing threshold. 
To produce maximally correct standard errors, a bootstrap method with 1000 samples 
was used to estimate the confidence intervals. 
Descriptive statistics. To compare the baseline risk factors in childhood hearing loss 
cases (n=10,269) who did (n=3066) or did not (n=7203) attend the adult study (to reveal 
possible selection bias) we used a chi-square test for sex and diagnosis, and an 
independent t-test for childhood hearing threshold.  
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8 Summary of the papers 
All papers were based on the previously described cohort study of 32,786 adults (aged 
20-56 years, mean 40 years) who underwent a puretone audiometry and completed a 
health questionnaire in the Nord Trøndelag Hearing Loss Study. As children, the same 
persons underwent screening audiometry in a longitudinal school hearing investigation 
(at 7, 10 and 13 years of age). Children with hearing loss at the school screening 
underwent an ENT examination in which they were diagnosed with various hearing 
disorders (n=3066). 
 
Paper 1. Childhood otitis media: A cohort study with 30 year follow-up of 
hearing (The HUNT study) 
We aimed to assess to what extent various types of otitis media in childhood were 
associated with hearing loss in adulthood, and whether these associations were 
influenced by age, sex or noise exposure in adulthood. The sample included 23,483 
adults: 21,507 with normal hearing at the school investigation and no self-reported 
history of recurrent otitis media (the reference group), and 1976 diagnosed with various 
types of childhood otitis media.  
Compared to the reference group, adults diagnosed with childhood hearing loss 
together with OME (n=1255), CSOM (n=108) or after rAOM (n=613) had significantly 
increased hearing thresholds in the low/mid/high frequency range: 2-2-2 / 17-17-20 / 7-
7-10 dB, respectively. The effects were adjusted for age, sex and noise exposure in 
adulthood. Children diagnosed with hearing loss after rAOM had on average somewhat 
improved hearing thresholds as adults. The effects of childhood CSOM and childhood 
hearing loss after rAOM on adult hearing thresholds were larger in middle-aged than in 
younger adults. Eardrum pathology marginally increased the adult hearing loss (1-3 dB) 
in children with OME or hearing loss after rAOM. Our study could not reveal significant 
differences in the effect of self-reported noise exposure on adult hearing thresholds 
between the otitis media groups and the reference group.  
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Our study concluded that childhood CSOM and childhood hearing loss after rAOM are 
associated with a significant adult hearing loss. Apparently, these conditions are 
associated with a moderately faster deterioration of hearing through adulthood, yet this 
finding should be confirmed by a study with repeated audiometries throughout 
adulthood. 
 
Paper 2. Childhood sensorineural hearing loss: Effects of combined 
exposure with aging or noise exposure later in life. 
 We aimed to examine the effects of childhood SNHL combined with aging or noise 
exposure on hearing thresholds later in life. The sample included 30,003 adults: 29,720 
with normal hearing thresholds at the school investigation (the reference group) and 
283 diagnosed with childhood HF-SNHL (PTA 3-8 kHz ≥25 dB HL, worse hearing ear). 
Age stratified analyses showed that the difference in HF hearing thresholds between 
adults with and without childhood HF-SNHL was 33 dB (95% CI: 31-34) in young adults 
(n=173, aged 20-39 years) and 37 dB (95% CI: 34-39) in middle-aged adults (n=110, aged 
40-56 years). The effect of childhood HF-SNHL combined with noise exposure was a 
simple additive effect.  
In conclusion it appears to be a super-additive effect of childhood-onset HF-SNHL and 
aging on adult HF hearing thresholds. The finding should be confirmed by a study with 
repeated audiometries throughout adulthood. No altered susceptibility to NIHL 
associated with childhood SNHL was revealed. 
 
Paper 3. The association between hearing disorders in childhood and 
tinnitus in adulthood: Results from a cohort study (HUNT) 
We aimed to assess the associations between various types of hearing disorders in 
childhood and tinnitus in adulthood. The sample included 32,430 adults: 29,404 with 
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normal hearing at the school investigation (the reference group), and 3026 diagnosed 
with various childhood hearing disorders. 
Adults who had hearing loss at the school investigation reported more tinnitus than the 
reference group (OR = 1.4, 95% CI: 1.3-1.6). Childhood hearing disorders associated with 
tinnitus in adulthood included: SNHL (OR = 2.4, CI: 1.9-3.0), CSOM (OR = 2.4, CI: 1.5-3.9), 
and childhood hearing loss after rAOM (OR = 1.6, CI: 1.3-2.0). The effects were adjusted 
for age, sex, and noise exposure in adulthood. In further analyses that included 
adjustment for adult hearing threshold, only childhood SNHL was associated with 
tinnitus, now with a lower risk (OR=0.7, CI: 0.6-0.9). 
We concluded that childhood hearing disorders associated with increased risk of tinnitus 
in adulthood include SNHL, CSOM and hearing loss after rAOM. It appears that these 
significant associations are mediated by or transmitted through adult hearing loss. 
  
Paper 4. Childhood otitis media is associated with increased risk of 
dizziness in adulthood: Results from the HUNT cohort study 
We aimed to assess the association between otitis media in childhood and dizziness in 
adulthood. The sample included 21,962 adults: 21,270 with normal hearing at the school 
investigation and a negative history of recurrent otitis media (the reference group), and 
692 diagnosed with childhood otitis media.  
Adults with childhood CSOM (n=102) or childhood hearing loss after rAOM (n=590) were 
at significantly increased risk of reported dizziness when compared to adults with 
normal hearing at the school investigation and no self-reported history of recurrent 
otitis media. After adjusting for adult age, sex and socio-economic status, the OR were 
2.1 (95% CI: 1.4-3.3) and 1.3 (95% CI: 1.0-1.5), respectively.  
We concluded that childhood CSOM and childhood hearing loss after rAOM are 
associated with increased risk of dizziness in adulthood.  
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9 Discussion 
9.1 Results  
9.1.1 Descriptive statistics of the cohort 
Table 1 shows the descriptive statistics of the total, basis cohort (n=32,786). Out of this 
cohort, the papers included various groups of participants. The final samples are 
presented in the papers. 
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9.1.2 Childhood otitis media: hearing loss, tinnitus and dizziness in adulthood. 
We examined the extent to which various types of otitis media in childhood were 
associated with hearing loss, tinnitus and dizziness in adulthood. Our study showed that 
compared to the reference group (defined previously), childhood CSOM and childhood 
hearing loss after rAOM were statistically significantly (p<0.05) associated with increased 
adult hearing thresholds (17-17-20 dB and 7-7-10 dB, in the low/mid/high frequency 
range); tinnitus (OR=2.4 and OR=1.6) and dizziness (OR=2.1 and OR=1.3). Childhood 
OME was associated with marginally increased adult hearing thresholds, both with (2-2-
2 dB) and without (1-1-1 dB) eardrum pathology, and no increased risk of adult tinnitus. 
The associations with hearing thresholds and tinnitus were adjusted for age, sex and 
noise exposure in adulthood. The associations with dizziness were adjusted for age, sex 
and socio-economic status in adulthood. 
Hearing loss. Cross-sectional studies have found that a self-reported history of recurrent 
otitis media (unknown type) in childhood is associated with increased adult hearing 
thresholds (Tambs et al., 2004) and self-reported auditory disabilities in adulthood 
(Stephenson et al., 1995). In a cohort study from Greenland, 214 children aged 3-8 years 
with CSOM (defined as an eardrum perforation >14 days with or without ear discharge) 
underwent audiometry at ages 18-24 years. At follow-up, 55% showed an unilateral or 
bilateral hearing loss at either low (PTA at 0.5-2 kHz) or high frequencies (PTA at 4-6 kHz) 
of >15 dB HL (Jensen et al., 2013). In another study, 121 children <8 years old were 
diagnosed with rOME or rAOM. At 18 years of age, these participants had 4 dB increased 
hearing threshold (PTA 0.5-4 kHz) compared to those without such a history (de Beer et 
al., 2003). 
Regarding childhood OME, a cohort study followed-up 173 boys <14 years of age who 
were referred to an ENT-department from screening or from other doctors because of 
ear disease, “usually OME”. At 18 years of age, there were no differences in hearing 
thresholds between this childhood OME group and boys without such a history 
(Augustsson and Engstrand, 2006). Considering eardrum pathology, a cohort study 
compared hearing thresholds between adults with surgical treated childhood OME and 
an age- and gender-matched normative data set. The study found that the hearing loss 
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associated with eardrum pathology was of limited magnitude (Khodaverdi et al., 2013). 
Our study did not have enough power to separate between different types of eardrum 
pathology (tympanosclerosis, total/segmental atrophy, atelectasis, retraction). Probably, 
for example retraction has a better prognosis than atelectasis. 
Since our adult study did not include bone-conduction thresholds, we could not 
conclude whether the effects on adult hearing thresholds were due to middle- or inner 
ear pathology. We speculate, however, that a major part of the adult hearing loss is 
SNHL due to the effects of inflammatory mediators or toxins from otitis media on the 
cochlea.  
Tinnitus. Cross-sectional studies have found that a self-reported history of recurrent 
otitis media in childhood is associated with tinnitus in adulthood (Nondahl et al., 2011, 
Sindhusake et al., 2003, Hoffman, 2004), showing OR=1.7 in men (Nondahl et al., 2011) 
and relative risk=1.5 (Sindhusake et al., 2003). A cohort study found that the 
combination of a history of childhood OME (before 11 years of age) and hearing loss at 
11 years of age was associated with an increased risk of tinnitus at 32 years of age. 
Neither childhood OME alone or elevated thresholds at 11 years of age alone predicted 
adult tinnitus (Dawes and Welch, 2010). The study did not provide adult hearing 
thresholds or information about noise exposure, so it could not conclude whether the 
association was mediated by adult hearing loss or confounded by unevenly distributed 
noise exposure.  
Hearing loss is the main risk factor of tinnitus. Hence, it is reasonable that childhood 
CSOM and childhood hearing loss after rAOM, being associated with adult hearing loss, 
are also associated with adult tinnitus. After including adjustment for adult hearing 
threshold, the significant association disappeared. We suggest that adult hearing loss 
plays an important role in mediating the positive association with adult tinnitus, in that 
childhood otitis media influences the adult hearing threshold, which again influences the 
occurrence of tinnitus. If so, only otitis media associated with a subsequent hearing loss 
is associated with subsequent tinnitus. This interpretation is perhaps in some 
disagreement with animal studies suggesting that temporary conductive hearing loss in 
early life can alter the functional properties of the auditory cortex on a permanent basis, 
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which could increase the risk of later tinnitus (Sun et al., 2014). Since our study only 
included otitis media with hearing loss occurring between 7 and 13 years of age, it is 
unclear to what extent our results can be generalized to otitis media in younger children. 
For younger children, the auditory pathway shows greater plasticity (Cardon et al., 2012) 
(review) and may not lead to similar outcomes. 
Dizziness. A cohort study reported, that preschool children with a history of recurrent or 
persistent middle ear effusion (n=40) had lower gain to a rotational stimulus compared 
to children without a history of significant middle ear effusion (Casselbrant et al., 2000). 
Another cohort study of preschool children, with a history of >6 episodes of otitis media 
(n=18), revealed lower scores on vestibulospinal function tests compared to children 
without previous episodes of otitis media (Denning and Mayberry, 1987). To our 
knowledge, no study has evaluated dizziness in adulthood after a history of childhood 
otitis media. 
We can only speculate about the underlying mechanisms. Our result could reflect a 
permanent effect of inflammatory mediators or toxins from otitis media on the 
vestibular apparatus. Although the vestibule is relatively far from the round window, it 
has been shown that endotoxin can penetrate the inner ear via various routes, such as 
the round window, blood vessels or lymphatics, and/or interscala exchange, resulting in 
a disturbance not only of the cochlea but also of vestibular end organs (Takumida and 
Anniko, 2004). Otitis media could be associated with an accelerated age-related cellular 
loss in the vestibular apparatus (presbystatis). Also, otitis media could predispose to 
later vestibulopathies. The recurrent nature, and also some shared histopathological 
characteristics, of BPPV vestibularis nevritis, or Ménière’s (the three most common 
vestibulopathies), suggest a recurrent cause (Gacek, 2013), and a viral etiology is 
suggested. Knowledge about possible influence due to a history of recurrent otitis media 
is scarce. Paparella et al. (1983) suggested that childhood chronic otitis media may be 
associated with Ménière's later in life, and BPPV has been related to previous inner ear 
disease (Riga et al., 2011) (review).  
We did not include childhood OME in the dizziness paper. This very common condition, 
which is probably also prevalent in the diagnostic groups not classified as childhood 
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OME (due to OME without the screening dates), was not associated with either a 
relevant hearing loss or tinnitus in adulthood. Analyses (not presented in the paper) 
revealed that after adjustment for age, sex, socio-economic status and self-reported 
recurrent ear infections, childhood OME was not associated with dizziness in adulthood. 
Interaction with aging or noise exposure later in life. We examined whether the 
association between childhood otitis media and adult hearing thresholds were 
influenced by aging or noise exposure in adulthood. These interaction analyses were 
also performed for the childhood SNHL group, and because of similarities, the results are 
discussed in the next section. 
9.1.3 Childhood sensorineural hearing loss  
The effects of childhood SNHL combined with aging or noise exposure later in life. 
Aging. Our study showed that the association between childhood HF-SNHL and adult HF 
hearing threshold, and between CSOM and adult HF hearing threshold, was stronger for 
middle-aged than for younger adults.   
A cross-sectional study of self-reported, recurrent otitis media in the NTHLS data 
material found that the effects on adult hearing thresholds varied from 2 dB among 
younger adults to 5-6 dB among older adults (Tambs et al., 2004). A study of a Dutch 
cohort (aged 24-81 years, N=1721) observed for an average of 12 years with repeated 
audiometries, reported an association between poorer baseline hearing threshold and 
faster deterioration of hearing (Linssen et al., 2014). Gates et al. described “faster aging” 
in ears with pre-existing noise damage (Gates et al., 2000). 
Our finding of “faster aging” (accelerated deterioration of hearing thresholds throughout 
adulthood) in ears with pre-existing childhood SNHL or childhood CSOM could possibly 
reflect that an already impaired cochlea is more susceptible to age-related 
degeneration. Regarding childhood SNHL, another explanation might be late progression 
of childhood SNHL itself (“progressive childhood SNHL”). Given the very long 
observations-time, we find the latter explanation less likely.  
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However, this apparently increasing effect with age could also represent a birth-cohort 
effect. Each participant had only one hearing test in adulthood, so the subcohort tested 
in late adulthood was not the same as the subcohort tested in young adulthood. The 
subcohort born in the 40-50thies could have had a more serious and poorer treated 
childhood disease resulting in more severe adult hearing loss compared to the subcohort 
born in the 60-70thies. Considering the course and treatment of otitis media in the 50 
thies, antibiotics were prescribed, and all types of middle ear surgery were performed at 
the Namsos hospital. With regard to SNHL at that time, our data did not provide very 
systematic data on possible etiological factors (like infection, noise exposure, genetic 
disorders etc.). However, our study did evaluate possible birth-cohort effects regarding 
childhood hearing threshold, which we think is the most important source of such 
confounding. There was no correlation between childhood hearing threshold and birth-
year. Thus, we believe our finding reflects “faster aging” and not a birth-cohort effect. 
Still, the result should be confirmed by a study with at least two audiometries in 
adulthood.   
Noise exposure. Our study showed that there was no statistically significant interaction 
effect between any childhood hearing disorder (SNHL, CSOM, childhood hearing loss 
after rAOM) and noise exposure on adult hearing thresholds. 
A cross-sectional study found that the combination of a history of recurrent otitis media 
in childhood and exposure to personal stereos > 1 hours per day was associated with 
hearing loss at 18-24 years of age. In contrast, hearing loss was not associated with a 
history of otitis media without frequent personal stereo exposure, or to frequent 
personal stereo exposure without a history of otitis media. The author suggested that 
persons with and without a history of otitis media in childhood have different 
susceptibility to hearing damage from personal stereo exposure (Job et al., 1999). Their 
study was criticized because of its explorative nature and the retrospective assessment 
of otitis media. A cohort study of 18 year old adults with a documented history of rOME 
or rAOM (n=121) showed no altered susceptibility to hearing loss from personal stereo 
use (de Beer et al., 2003). To our knowledge, there are no studies of possible 
interactions between childhood SNHL and noise exposure.  
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Accordingly, our results indicate an unchanged susceptibility to later NIHL but a 
moderately increased susceptibility to later ARHL. This difference might reflect 
differences in the cochlear mechanisms underlying age- and noise-related hearing loss. 
However, accurate measurements of noise exposure are difficult to achieve (in contrast 
to age), and mostly they are retrospective and self-reported, like in our study. The 
negative interaction effect with noise exposure could reflect lack of validity or precision. 
This issue is discussed later (“methodological consideration”). In short, we do not 
suspect serious information bias or a type 2 error, so we believe our finding indicates 
that there is no important altered susceptibility to noise associated with these childhood 
conditions.  
Childhood SNHL and tinnitus in adulthood. Our study showed that compared to the 
reference group (normal hearing at the school investigation) childhood SNHL was, as 
hypothesized, associated with a statistically significantly increased risk of tinnitus in 
adulthood: OR=2.4. After including adjustment for adult hearing thresholds, childhood 
SNHL was associated with a decreased risk: OR= 0.7.  
To our knowledge, there are no similar studies. There are several possible explanations 
of why adults with childhood-onset SNHL could have lower risk of tinnitus than adults 
with a correspondingly strong, but later-onset hearing loss (described in “background”). 
In short, children, with more cognitive flexibility than adults, may cope better with their 
hearing loss-related-tinnitus and maintain this capacity throughout life. Eventually, they 
could learn to cope better with tinnitus with time, resulting in a lower prevalence of 
reported tinnitus in adulthood compared to those who have had less time for tinnitus 
habituation. Another explanation could be that the etiologies of childhood SNHL (like 
genetic and infectious) are less frequently associated with tinnitus than the etiologies of 
adult-onset hearing loss, such as noise exposure and aging. 
9.2 Methodological considerations 
The overall goal of an epidemiologic study is to obtain a both valid (lack of systematic 
error) and precise (lack of random error) estimate of the effect size or measure of 
disease occurrence in the source population of the study. Often, a further objective is to 
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obtain an estimate that is also valid to the target population outside the study (Rothman 
et al., 2008).  
We believe the main strengths of this project were the thoroughly medical examinations 
at baseline and the extremely long observation-time, whereas the main weaknesses 
were the lack of baseline data for non-cases and the large loss to follow-up. 
The following chapters discuss the accuracy of the present study in detail: the internal 
validity, the precision and the generalizability (external validity). 
9.2.1 Internal validity 
The main threats of internal validity are selection bias, information bias and 
confounding. 
Selection bias. Selection bias results from procedures used to select subjects and from 
factors that influence study participation. The common element of such bias is that the 
relation between exposure and disease is different for those who participate and for all 
those who should have been theoretically eligible for study, including those who do not 
participate (Rothman et al., 2008). 
 
Selection bias occurs at the stage of recruitment of participants or during the process of 
retaining them in the study. Since all schools in Nord-Trøndelag county were included in 
the childhood study, we do not suspect a selection bias at this stage. However, there 
was certainly a loss to follow-up from the baseline childhood study to the follow-up 
adult study, since only 3066 (30%) out of 10,269 childhood hearing loss cases attended 
the adult study. Figure 1 presents some explanations of this loss to follow-up. The 
remaining loss to follow-up (n~3300) is difficult to explain, but emigration out of Nord-
Trøndelag after the childhood study or death (about 2% according to information 
provided by Statistics Norway) are undoubtedly parts of the explanation. To reveal 
possible selective loss to follow-up, we performed descriptive statistics comparing risk 
factors (etiology, sex, childhood hearing thresholds) between childhood hearing loss 
cases who did or did not follow-up. The analyses revealed no important differences 
between the two groups (there were a slightly lower prevalence of AOM, unknown 
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etiology and females among cases who followed-up. Also, they were slightly older: mean 
birthyear 1956 versus 1959). Regarding the adult study, this was not only a hearing 
investigation but a part of a very large general health screening examination (HUNT 2), 
so we do not think the occurrence of eventual hearing loss, tinnitus or dizziness affected 
the likelihood to participate. Altogether, we do not suspect serious selection bias in our 
study.  
 
Information bias. Information bias is caused by measurement errors in the needed 
information. For discrete variables, measurement error is usually called misclassification. 
Classification error that depend or do not depend on the actual values of other variables 
is called differential or non-differential misclassification, respectively (Rothman., 2008). 
 Information bias: diagnosis. We suspect few false-positives (that someone who is truly 
non-exposed will be classified as exposed), since the diagnoses were determined by an 
ENT specialist after at least one thoroughly examination including repeated 
audiometries. Although most otitis media cases showed a conductive hearing loss (viz., 
normal bone-conduction thresholds indicating a normal inner ear function), some of 
these children also had impaired bone-conduction thresholds (a mixed hearing loss), 
indicating some degree of SNHL. This SNHL component is probably due to inner ear 
damage by otitis media, but other etiologies (like noise exposure) cannot be excluded. 
Yet, it is unlikely that these children should be more exposed to noise than other 
children. Concerning the diagnosis “childhood CSOM”, our adult study did not confirm 
curation at the time of follow-up. CSOM can heal and years later re-rupture due to a 
new infection, which could again deteriorate the hearing. Considering the long 
observation-time (mean 31 years) and the access to middle ear surgery and antibiotic 
treatment at that time, we expect curation to be likely. Finally, it is important to point 
out, that we examined childhood hearing loss after rAOM (defined previously), not the 
common condition rAOM (or the very common condition AOM).  
The probability of false-negatives (that someone who is truly exposed will be classified 
as non-exposed) is an important weakness of the project. Since there were three 
separate hearing examinations (at 7, 10 and 13 years of age), most of the long-standing 
childhood hearing loss (like SNHL, CSOM and hearing loss after rAOM) were probably 
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detected. Yet, we lacked information confirming that non-cases  (“normal hearing at the 
school investigation”) actually took part in the childhood study. By including all 
participants of the adult study who were in primary school age during the childhood 
study, we assumed that: 1) They lived in Nord-Trøndelag between 1954 and 1986. To the 
extent that migration explains some of the loss to follow-up, there must also have been 
an immigration to Nord-Trøndelag, since the number of habitants has slightly increased 
during the last fifty years (Holmen et al., 2003). Assuming that this migration was not 
much different for hearing impaired people than for the remaining population, it means 
that some NTHLS participants, possibly more than a thousand, are false negatives 
regarding childhood hearing problem; 2) all children in Nord-Trøndelag between 1954 
and 1986 attended primary school. According to Statistics Norway, the number of pupils 
that attended first class at primary school during the childhood study period was nearly 
equal to the number of individuals born 7 years earlier; 3) The childhood study included 
all children at primary school between 1954 and 1986. A great effort was made to 
include all school children, like those living at small places who only attended school 
every other week, children at special schools and so on (Fabritius, 1968). This situation: 
that some participants categorized as non-cases had undetected childhood hearing loss 
because they did not participate in the childhood study (false negatives), has probably 
caused a very small underestimation of the associations, since the false negative true 
negative ratio will remain very low because of the low prevalence of the childhood 
conditions SNHL, CSOM and childhood hearing loss after rAOM.  
Finally, regarding false negatives, we do suspect that many childhood hearing loss cases 
with short-term hearing loss (like OME, otitis externa, cerumen or AOM) were classified 
as non-cases. A large part of these very common conditions were probably not detected, 
because non-cases had them without the school screening dates. In addition, AOM and 
OME are most common in preschool children. Since these diagnoses have marginal 
effects on the employed outcomes, this misclassification has probably resulted in a 
marginal underestimation of the effects.  
Information bias: adult hearing threshold. Puretone audiometry is regarded a highly 
valid measure of hearing loss. Regarding the reliability (the consistency of the 
measurement), the test-retest correlation for 0.25-8 kHz among randomly drawn 
 46 
 
subjects examined twice, were, for the right ear, 0.88,0.91,0.95,0.97,0.96, 
0.98,0.97,0.95,0.97, and, for the left ear, 0.68,0.79,0.94,0.97,0.98,0.97,0.97,0.97. This 
indicates a very high reliability for mid- and high-frequencies. The effect of intermittent 
background noise is likely to have affected the low frequency results, yet this study did 
not use 0.25 kHz. 
Information bias: childhood hearing threshold. The imputation of missing childhood 
hearing thresholds probably introduced some inaccuracy. However, childhood hearing 
threshold was used to reveal possible selection bias (due to differences between 
childhood hearing loss cases who did or did not attend the follow-up adult study) and to 
reveal possible bias by birth-cohort effects. Since we can think of no reason why an 
inaccuracy by imputation should be unevenly distributed across these subgroups, we do 
not believe the imputation has biased the results. The variable was also used to identify 
the childhood-SNHL group with PTA 3-8 kHz ≥25 dB HL, and a possible inaccuracy may 
have introduced a minor misclassification of cases. 
Information bias: noise exposure. This information was obtained retrospectively. A non-
differential misclassification could have caused a weaker association between noise 
exposure and adult hearing threshold. Yet, the questionnaire in NTHLS contained 
detailed data about both non-occupational and occupational noise exposure, showing a 
significant effect on adult hearing threshold. A differential misclassification, for example 
if persons with hearing loss more often remember or falsely recall noise exposure than 
those with normal hearing, generally tends to exaggerate associations. On the other 
hand, persons with hearing loss who know the cause (such as a childhood hearing 
disorder) could falsely remember less exposure to noise. Yet, we have no reason to 
suspect such systematic differences to be large. Finally, previous research indicates that 
self-report is a valid measure of occupational noise (Schlaefer et al., 2009).  
Information bias: tinnitus. We believe the simple question, “Are you bothered by 
tinnitus?” to be valid in terms of face validity as we believe it measures weather a 
person is bothered by tinnitus or not.  Potential differences in tinnitus prevalence might 
result from differences in how the question is phrased. Whereas a restrictive definition 
of tinnitus results in a lower tinnitus prevalence, a more liberal definition results in a 
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higher prevalence. Hence, the association between childhood hearing disorders and 
tinnitus might have been weaker for a more liberal tinnitus definition (viz., “experienced 
tinnitus” rather than “bothered by tinnitus”). On the other hand, the use of the term 
“bothered” may imply that the content of the item is conflated with tolerance to 
tinnitus, that is, with a psychological component. The consequence of this wording 
might then have been an attenuated association between reported tinnitus and hearing. 
Concerning the reliability, approximately half the sample completed a new 
questionnaire with a similar question about tinnitus (“are you bothered by tinnitus”) a 
few months after they participated in NTHLS. The test-retest polychoric correlation was 
calculated to be 0.65 (95% CI: 0.63-0.67) (Kvestad et al., 2010), implying that the 
reliability is satisfactory. 
Information bias: dizziness This outcome variable was based on a single, self-reported 
answer to the question: “Are you bothered by dizziness”. However, another large study, 
which used the established and validated “Vertigo Symptom Scale”, found a dizziness 
prevalence of 15% (Wiltink et al., 2009), which is quite similar to our finding (17%). The 
causes of dizziness are multifactorial. It has been suggested that vestibular vertigo 
(defined previously) accounts for about 1/3 of dizziness symptoms in the general adult 
population (Neuhauser et al., 2008). Probably, the observed effect of otitis media had 
been much larger using a more specific measure of vestibular vertigo as an outcome 
variable instead of “dizziness”.  
Concerning noise exposure, tinnitus and dizziness, we have no reason to believe that the 
treatment of the relatively few missing values (by imputation or exclusion) has biased 
the results. 
Confounding. In statistics, a confounding variable is an extraneous variable in a statistical 
model that correlates (directly or inversely) with both the explanatory variable and the 
outcome variable. The confounders may be unequally distributed among exposed and 
unexposed persons. We evaluated all available variables with a potential to confound. 
Nevertheless, it is impossible to measure all variables that may have confounding 
potential, and it is always a controversy whether there exist unmeasured potential 
confounders that may influence the estimated associations. 
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9.2.2 Precision 
Random error is defined as the error that remains after systematic errors are eliminated, 
and is the variation in a measurement or estimation process that cannot be explained. 
Variance  is a common measure of random variation, and precision is often taken to be 
the inverse of the variance, and hence the opposite of random error (Rothman et al., 
2008). In statistics, significance testing (p-values) is a common tool to decide whether 
random error could have produced an association. Statistical significance testing usually 
focuses on the null hypothesis (no association between two variables in a 
superpopulation). Whereas an incorrect rejection of the null hypothesis is called a type 1 
error, the incorrect decision not to reject is called a type 2 error. Yet, the use of 
significance testing  has been criticised, and a common tool to estimate the magnitude 
of the association and the precision is the confidence interval. 
Statistical precision in estimation depends on the study size and the study efficiency. We 
evaluated a large number of participants, including childhood hearing loss cases. 
Regarding the expected effect size, childhood CSOM and childhood hearing loss after 
rAOM are conditions in which an inner ear affection and hence subsequent hearing loss, 
tinnitus, dizziness or altered susceptibility to NIHL or ARHL, are reasonable to expect. 
Due to heteroscedasticity (the residual variance increased with increasing values for 
predicted adult hearing threshold), we used a bootstrap method in some of the analyses 
to produce maximally correct confidence intervals. In the tinnitus paper, in which 
multiple interaction terms were tested, we specified the significance level to 0.01 in the 
interaction analyses (to avoid type 1 error).  
9.2.3 Generalizability 
In addition to obtain valid and precise inferences as they apply to the source population, 
a further objective is often to obtain valid inferences as they apply to the target 
population outside the study (Rothman et al., 2008).  
Place. This survey was based on the population of the Nord-Trøndelag, a large 
administrative area of 22,463 square kilometres. The adult population is around 95,000. 
The population is stable, with a net out migration of 0.3% per year (1996-2000); and 
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homogenous (less than 3% non-Caucasian). In many respects, Nord-Trøndelag is 
representative of Norway in terms of geography, economy, industry and income 
sources, age distribution, morbidity and mortality. However, the county has no large 
cities, and the mean levels of education are slightly lower than the national averages. In 
developing countries, in which childhood CSOM and complicated AOM are 
undertreated, the associations with adult hearing thresholds, tinnitus and dizziness 
might be even stronger. 
Time. Although the childhood study took place between 1954 and 1986, we believe the 
diagnostic procedures and the classification of the hearing disorders were not very 
different from today. The classifications of the various types of otitis media at that time 
(Fabritius, 1968) correspond well with the classifications used today (Gates et al., 2002). 
Also, we believe the course and treatment of the studied conditions were not very 
different from today. Altogether, we belive our findings can be generalized to present 
time. If some of the assocation for otitis media reflect a poorer course and treatment at 
that time, this would only further underline the importance of optimal treatment in 
more adverse conditions. 
Population. Our study included children between 7 and 13 years of age. Tambs et al. 
found that early age (<2 years of age) at onset for otitis media was associated with 
poorer adult hearing thresholds than later onset (Tambs et al., 2004). Since we 
examined hearing loss after recurrent preschool AOM, we cannot safely conclude that 
the long-term outcomes of RAOM In older children or adults are similar.  
9.2.4 Design 
This historical cohort study was conceived after the exposure and outcome assessments 
had occurred. Limitation due to use of secondary data were: 1) SHINT: lack of 
registrations of hearing thresholds <20 dB HL; 2) SHINT: no confirmation of participation 
(identity) for the children with normal hearing thresholds. In spite of this, we used the 
whole HUNT cohort of subjects except the SHINT cases as reference group; 3) possible 
differences in audiometric measurement conditions between SHINT and NTHLS, which 
may have affected the estimated change in hearing from childhood to adulthood for the 
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“sequeale AOM group”, (paper 1); 4) NTHLS: Hearing thresholds in adulthood were only 
measured cross-sectionally. A better design to examine the change of hearing 
throughout adulthood had included repeated audiometries in adulthood. With such a 
design, it had been possible to compare the average change of hearing in adulthood 
between cases and non-cases instead of testing for possible interaction effects with age 
(and so avoid possible birth-cohort effects). Possible bias due to all these weaknesses 
are discussed previously. 
9.2.5  Causality 
Causal inference may be viewed as a special case of the more general process of 
scientific reasoning. The cause of a specific disease occurrence can be defined as an 
antecedent event, condition or characteristic that was necessary for the occurrence of 
the disease at the moment it occurred, given that other conditions are fixed (Rothman 
et al.,2008). There are several models of causation, such as the sufficient component 
cause theory, the counter to fact causality and criteria based causality.  Yet, 
epidemiologists have not agreed on a set of causal criteria and how to apply them. In 
short, our correlational study cannot safely establish cause and effect, only associations. 
However, since this is a longitudinal study, it seems unlikely that hearing loss, tinnitus or 
dizziness in in adulthood could affect childhood ear diseases; therefore, we think it is 
reasonable to assume this directionality.  
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10 Conclusions and implications 
Our study indicates that childhood chronic suppurative otitis media (CSOM) and 
childhood hearing loss after recurrent acute otitis media (rAOM) are associated with 
significant hearing loss, tinnitus and dizziness in adulthood. This stresses the importance 
of appropriate prevention, treatment and follow-up of these otitis media conditions. 
The common condition childhood otitis media with effusion, both with and without 
eardrum scarring, is associated with minimally increased adult hearing thresholds. This 
can safely be communicated to worried patients. 
The childhood hearing disorders SNHL, CSOM and hearing loss after rAOM are 
associated with a faster deterioration of hearing throughout adulthood. This “faster 
aging” may reflect that an already impaired cochlea is more susceptible to age-related 
degeneration. The faster aging effect is moderate and hardly necessitates more frequent 
follow-up. The finding should be confirmed by a study with repeated audiometries in 
adulthood.  
Finally, our large study could not reveal significantly altered susceptibility to noise 
induced hearing loss associated with childhood SNHL or childhood otitis media. Although 
it still is important with protection against harmful noise, this is valuable information for 
people with a childhood onset hearing loss.  
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ABSTRACT 
Objective: To examine the association between otitis media in childhood and dizziness in 
adulthood. 
Design:  Longitudinal, population-based cohort study of 21,962 adults (aged 20-59 years, mean 
40) who completed a health questionnaire in the Nord-Trøndelag Hearing Loss Study. At 7, 10 
and 13 years of age, the same individuals underwent screening audiometry in a longitudinal 
school hearing investigation. Children found with hearing loss underwent an ear, nose and 
throat specialist examination. 
Results: Adults diagnosed with childhood chronic suppurative otitis media (n=102) and 
childhood hearing loss after recurrent acute otitis media (n=590) were significantly more likely 
to have increased risk of reported dizziness when compared to adults with normal hearing as 
children at the school investigation and also a negative history of recurrent otitis media 
(n=21,270), p<0.05.  After adjusting for adult age, sex and socio-economic status, the odds 
ratios were 2.1 (95% confidence interval [CI]: 1.4-3.3) and 1.3 (95% CI: 1.0-1.5), respectively.  
Conclusion: This longitudinal cohort study suggests that childhood chronic suppurative otitis 
media and childhood hearing loss after recurrent acute otitis media are associated with 
increased risk of dizziness in adulthood. This might reflect a permanent effect of inflammatory 
mediators or toxins on the vestibular system.  The new finding stresses the importance of 
treatment and prevention of these otitis media conditions. 
 
INTRODUCTION 
Otitis media is one of the most common childhood diseases.  Overwhelming evidence from 
human temporal bone studies and experimental studies in animals suggests that toxins or 
inflammatory mediators from otitis media enter and affect the labyrinth by crossing the round 
window membrane [1] (review).  In serous labyrinthitis, one of the most common complications 
occurring during otitis media, invasion by bacterial or viral toxins inflames the vestibular 
apparatus and the cochlea.  The inflammation is usually associated with temporary vertigo, and 
sometimes mild sensorineural hearing loss, implying preservation of viable vestibular and 
cochlear hair cells.    
 
However, once toxic substances enter the inner ear, various permanent shifts in both cochlear 
and vestibular function can occur.  Whereas the association between a history of childhood 
otitis media and hearing loss both in children [2-6] and adults [7-9] is well established, few 
studies have shown symptoms of subsequent vestibular dysfunction [10-12], and only in 
preschool children. 
 
Dizziness is often defined as the sum of vertigo (illusion of movement of oneself or the 
environment), disequilibrium (a sensation of imbalance and/or postural instability), presyncope 
(feeling faint or light-headed) and “other types of dizziness” [13]. Dizziness is a common 
symptom associated with extensive handicap and psychological morbidity [14].  The causes are 
multifactorial, but vestibular vertigo accounts for a considerable percentage [15].  Knowledge 
about possible permanent effects of otitis media on the vestibular apparatus is important in 
future considerations of interventions for otitis media. Hence, the present study aims to assess 
whether a history of otitis media in childhood is associated with increased risk of dizziness in 
adulthood. 
 
 
MATERIALS AND METHODS 
 
The present study used data from a linkage between two large, prior hearing investigations in 
Norway: The school hearing investigation in Nord-Trøndelag (SHINT, 1954-1986) and The Nord-
Trøndelag Hearing Loss Study (NTHLS, 1996-98). 
Two related studies from the same database (the linkage between SHINT and NTHLS) employing 
similar materials and measurements are presented elsewhere [7,16]. These studies examined 
childhood sensorineural hearing loss and the effects of combination with later aging and noise 
exposure [16], and to which extent childhood otitis media is associated with hearing loss in 
adulthood [7]. 
 
Participants  
The baseline childhood study. The school hearing investigation in Nord-Trøndelag (SHINT) was 
an audiometric screening of nearly all 7, 10 and 13 year old school children in the entire Nord-
Trøndelag County from 1954 to 1986. It was conducted by the late Norwegian Ear, Nose and 
Throat (ENT)–specialist, H. F. Fabritius, and his colleagues [17].  The study did not record 
information confirming the participation of children with normal hearing, so the exact number 
of participants is unknown.  The number of children born between 1941 and 1977 in Nord-
Trøndelag, 78,524, might serve as a crude approximation.  Children with hearing loss at 
screening were invited to an ENT specialist examination. From 1954 to 1962, average 
attendance at the ENT examinations for children with positive screening was 97% [17], and we 
believe this high level of attendance did not change later. Altogether, 10,269 children took part 
in the ENT examination. Detailed information about SHINT is found elsewhere [17]. 
The follow-up adult study. The Nord-Trøndelag Health Study (HUNT 2, 1995-97) was a general, 
population-based, cross-sectional study where all residents in the county of Nord-Trøndelag, 
NorwĂǇ͕ĂŐĞĚшϮϬǇĞĂƌƐwere invited.  Out of 93,898 invited persons, 65,237 participated (69%) 
[18].  HUNT 2 included examinations and questionnaires.  Detailed information about HUNT 2 is 
found elsewhere [19]. The Nord-Trøndelag Hearing Loss Study (NTHLS, 1996-98) was part of 
HUNT 2, and included pure-tone audiometry and hearing questionnaires. This study used 
Questionnaire 1. TŚĞƚŽƚĂůĂĚƵůƚƉŽƉƵůĂƚŝŽŶ;шϮϬǇĞĂƌƐͿĨƌŽŵϭϳŽĨƚŚĞϮϯŵƵŶŝĐŝƉĂůŝƚŝĞƐŝŶ
Nord-Trøndelag was invited.  Valid audiometric data were collected from 50,723 participants 
with given consent.  Among individuals born between 1941 and 1977 (the population cohort of 
the present study), 87% of the county population was invited with an overall participation rate 
of 59%.  The NTHLS is described in detail elsewhere [20].  
 
After linkage: The final sample of the present study. Childhood otitis media cases:  Among the 
10,269 children diagnosed with different types of hearing loss in SHINT, 2337 were diagnosed 
with hearing loss together with chronic suppurative otitis media (CSOM) or hearing loss after 
recurrent acute otitis media (rAOM). Out of these 2337 participants, 721 attended the follow-up 
adult study, however, 29 were excluded due to invalid data on dizziness (14 did not have a valid 
Questionnaire 1 and 15 had a valid questionnaire 1 but missing values on the dizziness 
question). Accordingly, 692 childhood otitis media cases (CSOM=102 and hearing loss after 
rAOM=590) were included in the present study.    
Non-cases: As previously described, SHINT did not register the children with normal hearing.  
Thus, as a reference group we included all participants of NTHLS who were primary school age 
during SHINT (born between 1941 and 1977) and who were not registered with hearing loss in 
SHINT (n=29,720). From these, the present study includes those who in the NTHLS 
questionnaire 1 reported a negative history of recurrent otitis media (n=21,507), however, 
those with invalid data on dizziness (n=237 had missing values on the dizziness question) were 
excluded.  Accordingly, 21,270 non-cases were included in the present study. 
With regard to the general loss to follow-up, this  was explained in detail by Aarhus et al. [7]. In 
short, among the 10,269 participants diagnosed with hearing loss in the baseline childhood 
study, only 3066 (29.9%) attended the follow-up adult study. About 13% of the participants in 
the childhood study were living in a municipality not invited to the adult study, and some were 
lost due to not being old enough to be invited or loss of identification number. Also, the 
participation rate at the adult study among the population of this study was 59%. Most likely, a 
substantial number moved out of Nord-Trøndelag after the childhood study, and a few died 
(about 2%; information provided by Statistics Norway).   
 
Measurement of the variables 
Diagnosis (main exposure variable). The childhood diagnoses were assessed in SHINT by 
audiometry and medical examinations. The audiometric screening was performed by a trained 
hearing assistant or district health nurse in a quiet location within the school, obtaining air-
conduction thresholds by pure-tone audiometry at 0.25, 0.5, 1, 2, 4 and 8 kHz.  Hearing loss for 
the screening was defined as thresholds 20 decibel hearing level (dB HL) or greater at three or 
more frequencies or a 30 dB HL or greater threshold at one or more frequencies in either one or 
both ears. 
All children found with hearing loss at the audiometric screening examination in the school 
were invited to an ENT specialist examination at one of 14 out-patient clinics in Nord-Trøndelag.  
Also, their parents completed a questionnaire with questions about their children’s ear 
problems.  The medical examination included family and medical history, a complete ENT 
examination and a new pure-tone audiometry with both air- and bone-conduction thresholds.  
Depending upon the diagnosis, the children had one or more controls at the ENT specialist. The 
ENT specialist recorded the history, findings, diagnoses (the presumed etiology of the hearing 
loss) and the treatments.  The present study included as cases children diagnosed with 
(definitions by dr.Fabritius): 1) CSOM: chronic infection of the middle ear including eardrum 
perforation and intermittent secretion, conductive or mixed hearing loss; the minimum duration 
for eardrum perforation was not defined; 2) Hearing loss associated with a history of rAOM: no 
middle ear effusion at the clinical examination but a history of preschool rAOM, sometimes also 
occurring during school years, mostly including eardrum pathology, conductive or mixed hearing 
loss.  Some of these children had other diagnoses in addition to CSOM or hearing loss after 
rAOM, including SNHL (with no audiometric air-bone gap), otosclerosis, anomalies, cognitive 
disorders or syndromes; all the children with these additional diagnoses were excluded from 
our sample.  
To reveal possible differences between childhood otitis media cases who did or did not attend 
the follow-up adult study (selection bias), we calculated the childhood hearing threshold level. 
Mostly, hearing thresholds <20 dB HL were not registered in these childhood audiograms, so 
values for many single frequencies were “missing”. These missing values were replaced by the 
mean value of those values <20 dB HL registered in the total childhood hearing loss case group 
(n=10,269). For ŝŶƐƚĂŶĐĞĨŽƌϭϬϬϬ,ǌ͕ƌŝŐŚƚĞĂƌ͕ƚŚĞƌĞǁĞƌĞϮϴϱϱĐĂƐĞƐǁŝƚŚǀĂůƵĞƐшϮϬĚ HL, 
1535 cases with registered values <20 dB HL, and  5879 cases with missing values (hearing 
thresholds <20 dB).  Mean values for the cases with registered values < 20 dB HL was 12 dB 
(95% CI 11-13), and missing values in the case group were replaced by this mean value. The 
variable was defined as PTA at 0.5-4 kHz in the worse hearing ear. 
Socio-economic status (covariate):  We collected information on covariates from national 
registries and from questionnaires in HUNT 2.  From national registries we obtained information 
on highest level of completed education (primary and secondary school, vocational school, high 
school, undergraduate or graduate school) and income in 1998.  
 
Dizziness (outcome variable):  Dizziness was assessed by a questionnaire item in NTHLS: “Are 
you bothered by dizziness?” which was answered: “yes/maybe/no”.  Participants with invalid 
data on dizziness were excluded (numbers described previously). The variable was 
dichotomized, collapsing “yes” and “maybe” and using “no” as the reference category.  
 
 
  
Statistical analyses 
Statistical significance level was set at p<0.05.  We used logistic regression analysis (SPSS version 
20) to estimate odds ratios (OR) with 95% confidence intervals (CI) for each type of childhood 
otitis media (0=reference category) and adult dizziness (0=no, 1=yes/maybe).  The model was 
conducted with and without adjustment for adult age (in years), sex and socio-economic status 
(level of education and income in 1998). 
 
Descriptive statistics. To compare the baseline risk factors in childhood otitis media cases 
(n=2337) who did (n=721) or did not (n=1616) attend the follow-up adult study (to reveal 
possible selection bias) we used a chi-square test for sex and an independent t-test for 
childhood hearing threshold.  
 
RESULTS 
Descriptive statistics of the sample are presented in Table 1. The prevalence of dizziness (“Are 
you bothered by dizziness?” answered as “yes” or “maybe”) in the total sample was 16.9%. 
Average age at the last ENT examination for the childhood otitis media cases was 10 years old. 
Mean time between observation in childhood and in adulthood was 31 years. Descriptive 
analyses revealed no significant differences in childhood hearing threshold (p-value=0.507) and 
sex (p-value=0.059) between childhood otitis media cases who did or did not attend the follow-
up adult study.  
The results from the regression analyses are shown in Table 2. Adults diagnosed with childhood 
CSOM and childhood hearing loss after rAOM were significantly more likely to have increased 
risk of reported dizziness when compared to adults with normal hearing as children at the 
school investigation and also a negative history of recurrent otitis media (p<0.05).  After 
adjusting for adult age, sex and socio-economic status, the odds ratios were 2.1 (95% CI 1.4-3.3) 
and 1.3 (95% CI: 1.0-1.5), respectively. 
 
DISCUSSION 
Main findings 
Adults diagnosed with childhood CSOM and childhood hearing loss after rAOM were 
significantly associated with increased risk of dizziness in adulthood as compared adults with 
normal hearing at the school investigation and a negative history of recurrent otitis media. 
 
Strengths and limitations of the Study 
The validity of this cohort study has also been described previously in two related studies from 
the same database [7,16] . 
Selection bias.  Since, all schools in Nord-Trøndelag were included in the childhood study, we do 
not suspect a serious selection bias at his stage. However, there was certainly a loss to follow-
up, since only 3066 (29.9%) out of 10,269 childhood hearing loss cases attended NTHLS. A 
related study17  explained and examined the general loss to follow-up from SHINT to NTHLS. In 
short, many participants of SHINT were not invited to NTHLS: 13% lived in a municipality not 
included in NTHLS, and some were not old enough to be invited. A few were lost due to missing 
ŝĚĞŶƚŝĨŝĐĂƚŝŽŶŶƵŵďĞƌ͘dŚĞƉĂƌƚŝĐŝƉĂƚŝŽŶƌĂƚĞĂƚEd,>^ĂŵŽŶŐŝŶĚŝǀŝĚƵĂůƐчϱϲǇĞĂƌƐŽĨĂŐĞ;ƚŚĞ
population of this study) was 59%. The remaining loss to follow-up (n~3300) is difficult to 
explain, but emigration out of Nord-Trøndelag after SHINT or death (about 2% according to 
“Statistics Norway”) are parts of the explanation. However, we have no reason to suspect a 
selective loss to follow-up. The present paper revealed no important differences between 
childhood otitis media cases who did or did not follow-up. Also, Aarhus et al. [7] reported no 
important differences in the distribution of risk factors (childhood hearing threshold, etiology, 
sex) between the total childhood hearing loss cases (n=10,269) who did (n=3066) or did not 
follow-up [7]. Finally, the follow-up adult study was part of a very large, general health study 
(HUNT), so we do not suspect that possible occurrence of dizziness affected the likelihood of 
participation.  
Information bias: diagnosis.  We do not suspect serious misclassification of childhood otitis 
media cases (false positives), since the diagnoses were determined by an ENT specialist after 
repeated, complete examinations including air- and bone-conduction audiometry [17]. Children 
with additional, more severe hearing disorders or syndromes were excluded.  The classifications 
of various types of otitis media at that time [17] correspond well with the classifications used 
today [21].  Considering the course and treatment of otitis media at that time, antibiotics were 
prescribed and middle ear surgery were performed at the Namsos Hospital.  If some of the 
effects of otitis media on dizziness reflect a poorer course and treatment at that time, this 
would only further underline the importance of optimal treatment in more adverse conditions. 
The follow-up adult study did not confirm that CSOM was cured  at the time of follow-up in 
HUNT 2. CSOM can heal and years later re-rupture due to a new infection, which could again 
introduce dizziness.  Regarding the long time between the baseline childhood study and the 
follow-up adult study (mean 31 years), including the access to middle ear surgery and antibiotic 
treatment at the time of baseline study, we suspect that CSOM was likely to have been cured. 
We do not suspect serious misclassification of non-cases (false negatives) because there were 
three separate hearing examinations (1th, 4th, and 7th grades), so most of these conditions 
were probably detected. However, we lack information confirming that non-cases actually took 
part in the childhood study.  By including all participants of the adult study who were in primary 
school age during the childhood study, we assumed that: 1) They lived in Nord-Trøndelag 
between 1954 and 1986. To the extent that migration explains part of the loss to follow-up, 
there must also have been an immigration to Nord-Trøndelag, since the number of habitants 
has slightly increased during the last fifty years [19]; 2) All children in Nord-Trøndelag between 
1954 and 1986 attended primary school. According to Statistics Norway, the number of pupils 
that attended first grade class at primary school during the childhood study period was nearly 
equal to the number of persons born 7 years earlier; 3) The childhood study included all children 
at primary school between 1954 and 1986.  A great effort was made to include all school 
children, including those living in very small communities or rural areas, children at special 
schools, and so on [17]. This situation, that some participants categorized as non-cases probably 
had undetected childhood hearing loss because they did not participate in the childhood study, 
may have caused a small underestimation of the associations. This bias cannot exceed an almost 
trivial value, however, since the false negative to true negative ratio will remain low because of 
the relatively low prevalence of childhood CSOM and childhood hearing loss after rAOM.  
Information bias: dizziness. The outcome variable was based on a single, self-reported answer to 
the question:  “Are you bothered by dizziness?” Non-differential misclassification could have led 
to underestimating the results. However, in another large study, which used the established and 
validated “Vertigo Symptom Scale”, the authors found a dizziness prevalence of 15% [22], which 
is quite similar to our finding (16.9%). Since there were few missing values on the dizziness 
question (15 out of 721 in otitis media cases and 237 out of 21,507 in non-cases) and we have 
no reason to suspect “missing not at random”, we do not believe the exclusion of these few 
participants has biased the results. 
Information bias: childhood hearing threshold. The imputation of missing childhood hearing 
thresholds probably introduced some inaccuracy. However, childhood hearing threshold was 
only used to reveal possible systematic differences between childhood otitis media cases who 
did or did not follow-up. Since we can think of no reason why an inaccuracy by imputation 
should be unevenly distributed across these subgroups, we do not believe the imputation has 
biased the results.  
Confounding: We have no reason to believe that the results represent unmeasured 
confounding.  Adjustment for age, sex and socio-economic status had only marginal influence 
on the effect estimates. 
Design. Our longitudinal cohort study cannot establish cause and effect. Yet, it seems unlikely 
that the outcomes measured in adulthood could affect childhood ear diseases; therefore, in 
general we think it is reasonable to assume this directionality. 
 
 
Comparisons with other studies 
Although the middle–inner ear interaction that occurs in otitis media has been an area of 
interest for many decades, few studies have examined possible long-term effects on the 
vestibular apparatus. In the study by Casselbrant et al., preschool children with a history of 
recurrent or persistent middle ear effusion (n=40) showed poorer performance on vestibular 
and balance tests (rotational and moving platform posturography) compared to children 
without a history of significant middle ear effusion [10].  Similarly, another study of preschool 
children with a history of more than six episodes of otitis media (n=18) revealed lower scores on 
various vestibular tests compared to children without previous episodes of otitis media [12].  
 
To our knowledge, no prior study has provided long-term follow-up of otitis media with regard 
to dizziness.  Thus, our study adds valuable information, showing that childhood CSOM and 
childhood hearing loss after rAOM are associated with long-lasting effects on dizziness.  
 
Possible underlying mechanisms.  We can only speculate about the underlying mechanisms of 
our findings.  The results could reflect a permanent effect of inflammatory mediators or toxins 
from otitis media on the vestibular apparatus.  Although the vestibule is relatively far from the 
round window, it has been shown that endotoxin can penetrate the inner ear via various routes, 
such as the round window, blood vessels or lymphatics, and/or interscala exchange, resulting in 
a disturbance not only of the cochlea but also of vestibular end organs [23]. Once toxic 
substances enter the vestibular system, various permanent sequelae can occur.  
For example, otitis media could be associated with an accelerated age-related cellular loss in the 
vestibular end organ (presbystatis). Also, otitis media could predispose to later vestibulopathies.  
The recurrent nature, and also some shared histopathological characteristics, of benign 
paroxysmal positions vertigo (BPPV), vestibularis nevritis, or Ménière’s (the three most common 
vestibulopathies), suggest a recurrent cause [24] and a viral etiology is suggested.  Knowledge 
about possible influence due to a history of recurrent otitis media is scarce.  Paparella et al. [25] 
suggested that childhood otitis media may lead to Ménière's later in life, and BPPV has been 
associated with a history of inner ear disease [26] (review).  
Considerations about the outcome variable.  The causes of dizziness are multifactorial and it has 
been suggested that vestibular vertigo accounts for about 1/3 of dizziness symptoms [15].  
Neuhauser et al. reported a prevalence of vestibular vertigo (at least one of the following 
criteria: 1) rotational vertigo; 2) positional vertigo; 3) recurrent dizziness with nausea and either 
imbalance or oscillopsia) of 4.9% [15]. [15].  If we could have distinguished between vestibular 
vertigo and other etiologies for ‘dizziness’, then it is possible that the effect of otitis media is 
much larger using vestibular vertigo as an outcome variable instead of dizziness. 
 
 
CONCLUSION 
The results from this cohort study suggest that CSOM and hearing loss after rAOM in childhood 
are associated with increased risk of dizziness in adulthood.  This might reflect a permanent 
effect of inflammatory mediators or toxins on the vestibular system.  CSOM and rAOM are 
relevant causes of preventable dizziness, and this new finding stresses the importance of 
optimal management of these otitis media conditions in childhood.  
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Table 2. The association between otitis media in childhood and dizziness in adulthood. 
 
 
 
Diagnosis (N) 
 
Unadjusted Odds Ratios 
  (95% CI)     p-value 
Adjusted1 Odds Ratios     
(95% CI)      p-value 
 
Reference group (21,507)2 
 
CSOM (102)3 
 
Hearing loss after rAOM (590)4 
 
 
 
reference category 
 
2.2 (1.5-3.4)    <0.001 
 
1.3 (1.0-1.6)      0.017 
 
reference category 
 
2.1 (1.4-3.3)    <0.001 
 
1.3 (1.0-1.5)      0.029 
 
1 Adjusted for age, sex and socio-economic status (level of education and income)
2 Normal hearing at the school investigation and no self-reported history of recurrent otitis media
3 Chronic Suppurative Otitis Media
4 Hearing loss after a history of preschool, Recurrent Acute Otitis Media
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